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0 Method for the separation of nucteic acids from protein nnaterial based on cation exchangers. 



0 A method for the separation of nucleic acid from 
protein which method comprises contacting a solu- 
* tion containing a mixture of nucleic acid and protein 
with a cation exchanger at a pH below the isoelectric 
point of the protein and recovering said nucleic acid. 
If necessary, the mixture may be incubated with a 
proteinase prior to its application to the cation ex- 
changer. In addition sodium dodecyl sulphate may 
also be used with the proteinase. The recovered 
nucleic acid is suitable for DNA probe analysis. 
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METHOD FOR THE SEPARATION OF NUCLEIC ACIDS FROM PROTEIN MATERIAL BASED ON CATION 

EXCHANGERS 



This invention relates to a method for the sepa- 
ration of nucleic acids fronn protein material based 
on cation exchangers. 

One of the most common procedures in Molec- 
ular Biology is manipulation of nucleic acids such 
as DNA with restriction or modifying enzymes. 
After such a manipulation, the successful perfor- 
mance of subsequent steps, in many cases, de- 
pends on the complete removal of the used en- 
zyme. Phenol extraction is the most commonly 
used method for removal of enzymes from nucleic 
acid solutions. A typical example of a common and 
, procedure in molecular cloning is dephosphoryla- 
tion of nucleic acids by^ alkaline phosphatase 
fManiatis. T.. Fritsch. E.T.. and Sambrook, 3. (1982) 
"Molecular cloning: A Laboratory Manual". Cold 
Spring Harbour Laboratory, Cold Spring Harbour. 
New York), However, successful subsequent liga- 
-tjon of the dephosphorylated nucleic acid to an- 
other nucleic acid molecule reguires complete re- 
moval of alkaline phosphatase. This is currently 
achieved by successive phenol/chloroform extrac- 
tions followed by ethano! precipitation (Maniatis, T.. 
Fritsch. E.T.. and Sambrook 3. (1982) op cit,). 

In order to isolate DNA from a given biological 
materia! (blood, human, animal and plant tissues, 
bacterial and cell cultures, etc.) it is necessary to 
separate it from proteins. Extraction of genomic 
DNA im poses further difficulties as it is closely 
bound to histones and other proteins in situ. Tradi- 
^tionally, the separation of DNA from "proteins and 
other impurities has Involved a combination of the 
use of proteinases and organic solvents, such as 
phenol. Removal of the undesirable traces of or- 
ganic solvents is then frequently achieved with a 
time consuming dialysis step. DNA in purified form 
is currently required for many- applications. Also a 
considerable body of data points to a major role for 
DNA probes in the future of the diagnostics in- 
dustry. However, current DNA extraction methods 
are a limiting factor towards the widespread use of 
DNA probes in the diagnostics field. Therefore, any 
method which would accelerate and simplify DNA 
preparation would be of particular Importance in 
many applications involving DNA. especially if it is 
amenable for automation. 

Phenol extraction is the most commonly used 
method for deproteinization of nucleic acid: solu- 
tions. However, there are several drawbacks re- 
garding its use. Phenol is a toxic organic solvent 
and as a strong protein denaturating agent can 
cause serious burns on contact with skin which 
often require emergency treatment. Though many 
suppliers now provide clear and colourless liquified 



phenol which can be used directly without purifica- 
tion the less expensive crystalline form requires 
redistillation prior to use. Redistillation is also re- 
quired when stored phenol acquires a yellow or 

5 pink coloration. The coloration- is indicative of the 
presence of phenolic oxidation products (quinones., 
diacids. etc.) which form dunng storage. These 
contaminants must be removed^ because they 
cause cleavage of phosphodiester bonds and 

JO cross-linking of DNA strands. Indeed, phenol ex- 
traction IS known to cause nicks in the DNA. Re- 
distillation of the toxic phenol is time consuming, 
and potentially- dangerous. It should be carried out 
in a fume hood with special care and the volume ol 

15 phenol m the distillation flask should never be 
allowed to drop below 100 ml. as the concentrated 
residue is explosive. Phenol should be saturated by 
equilibration, with the relevant extraction buffer prior 
to use. The need for a shaking and a separation 

20 step is particularly undesirable for manual or auto- 
mated systems. Much of the protein segregates to 
the white floccutent interphase and as a result part 
of the upper aqueous phase (containing the DNA) 
should be left behind leading to losses of nucleic 

25 acids. 

Soviet Union patent Application No. SU-A- 
1373709 (Paponov et al) discloses a method for 
separating desoxyribonucleic acids from desox- 
yribonucleoproteins using salt precipitation followed 

30 by selection of the DNA by a strongly acidic cation 
exchange resin. The cation exchange resin in ques- 
tion is not in the form of DNA deproteinising agent,, 
but is an adsorbent competing with DNA for pro- 
teins in the course of the reduction of- the salt 

35 concentration by dialysis. In this method DNA solu- 
tions are first deprotelnized using high salt con- 
centrations and then contacted with the cation ex- 
change resin, the ionic strength of the solution 
being gradually reduced by means of simultaneous 

40 dialysis. However, this method involves a number 
of steps and takes several hours to complete. Fur- 
thermore, it would not be suitable for small scale, 
rapid preparation of genomic DNA and rapid re- 
moval of modifying enzymes and restriction en- 

45 donucleases from DNA. The quality of the DNA 
separated by the method of SU-A-1373709 is un- 
known since no data, such as digestabiiity by re- 
striction endonucleases, absorption spectrum or 
suitability of the purified DNA for use as a target 

50 for DNA probes, is given. It is likely that many 
proteins would bind to a cation exchanger under 
the pH conditions employed in SU-A-1373709. Fi- 
nally, completely ignoring the practical aspects 
mentioned above, it is not clear that the method in 
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SU-A-1 373709 could be applied to the precipitation 
of DNA from microorganisms withiout many modi- 
fications as the use of detergents or proteolytic 
enzymes could interfere with the absorption of the 
denatured protein onto the cation exchanger. 

It IS an object of the present invention to pro- 
vide an accelerated and simplified procedure for 
nucleic acid sample preparation which obviates the 
use of toxic organic solvents, high sails or dialysis 
as discussed above. 

Accordingly, the invention provides a method 
for the separation of nucleic acid from protein, 
which method comprises contacting a solution con- 
taining a mixture of nucleic acid and protein with a 
cation exchanger at a pH below the isoelectric 
point of the protein and recovering said nucleic 
acid. 

At sufficiently low pH {below the isoelectric 
point) proteins are positively charged and thus re- 
tained on cation exchangers. On the contrary, nu- 
cleic acids are repelled from the cation exchangers 
because of the negative charge of the. phosphate 
■functions. As there is no interaction between nu- 
cleic acids and cation exchangers, the recovery of 
the former can be quantitative provided that inert 
matrices are used. The protein may. if desired, be 
recovered by raising the pH of the cation ex- 
changer so as to remove the protein therefrom 
which may be eluted and collected by well-known 
techniques. 

It is customary to increase the salt concentra- 
tion at this step also to aid in the dissociation of the 
proteins from the cation exchanger. However, the 
nucleic acid solution is recovered prior to that step 
thereby providing a solution of nucleic acid in a 
'buffer which can be used for subsequent steps 
without dialysis. 

Accordingly, it will be appreciated that the 
method according to the invention has immediate 
applicability, to research procedures which involve 
manipulations of DNA or RNA and which currently 
require phenol extractions. 

According to one embodiment of the invention, 
the solution of nucleic acid and protein is applied 
to a column of a suitable cation exchanger and the 
nucleic acid is eluted from the column and col- 
lected. However, the method according to the in- 
vention may also be carried out using a cartridge, 
batch or membrane system. 

Prior to contacting the solution of nucleic acid 
and protein with the cation exchanger, the mixture 
of nucleic acid* and protein may be preincubated 
with a proteinase and, if necessary sodium dodecyl 
sulphate (SDS). However, other procedures includ- 
ing the use of acids, alkali, volatile chaotropic salts 
or other conventional methods, followed by neu- 
tralization may also be used. Such a preincubation 
step would normally be required in the preparation 



of tissue or the like samples for DNA or RNA probe 
analysis which is a useful extension of the method 
according to the invention. 

Unlike the liquid-liquid phenol extraction or salt 

5 precipitation and dialysis techniques used here- 
tofore, the solid-liquid cation exchange system in 
accordance with the method of the invention can 
be readily incorporated into instruments for auto- 
mated DNA or RNA preparation from biological or 

10 other materials. 

The cation exchanger may be a weak cation 
exchanger or a strong cation exchanger depending 
on the separation required, as demonstrated 
hereinbelow in the Examples. The solution, is suit- 

15 ably a low molarity buffer. The pH of the solution 
will normally be in the range 3.5-6.5. 

The invention also provides a cation exchanger 
for use in a method as hereinabove specified. , 
Generally, and in accordance with one embodi- 

20 ment of the invention, the sample to be separated 
is loaded- onto a preequilibrated column of the 
cation exchanger in a low molarity buffer pH of 
approximately 6.0. In such cases, the DNA, vyhich 
is negatively charged at pH -6.0. is eluted in the 

25 loading buffer whereas proteins are retained and 
eluted only after the change of pH. for example 
washing with a buffer at a pH of approximately 9.0. 
This separation appears to be absolute, particularly 
as judged by the very sensitive assay for the 

30 presence of alkaline phosphatase as used in Exam- 
ple 1 below. 

The accompanying Figure is an autoradiogram 
of PAiGE (polyacrylannide gel electrophoresis) ana- 
lysts of the fractions obtained from cation exchange 

35 chromotography of alkaline phosphatase described 
in Example 1 

The invention will be further illustrated by the 
following Examples. 

40 

EXAMPLE 1 



Alkaline phosphatase was used as a model to 
45 demonstrate the method of the invention. To this 
end a microgranular carboxymethylcellulose weak 
cation exchanger (CM 52, Whatman) was utilized. 
The cation exchanger was packed in a silanized 
Pasteur pipette to give a bed volume of 1 mi. Two 
50 columns were prepared. To the first column 500 ng 
of lamda DNA digest with Hind lit was applied in 
100 microlitres of 10 mmole/l ammonium acetate 
buffer at pH 5.0. To the second column 100 U of 
calf intestine alkaline phosphatase (EC 3.1.3.1) ob- 
55 tained from Boehringer Mannheim was applied also 
in 100 microlitres of 10 mmole/l ammonium acetate 
buffer at pH 6.0. Each column was further eluted 
with 100 microlitres of the same buffer and the 
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eluents, which included the application volume, 
were collected in one fraction (f-). After that three 
more fractions of 200 microlitres of the ammonium 
acetate buffer were collected (fj-a). Finally, the 
columns were eluted with eight fractions of 200 
microlitres of 50 mmole I Tris-HCl. 0.1 mmole t 
EDTA. 300 mmole/1 NaCI. pH 9.0 (fc -..*)• The 
elutfon pattern of nucleic acids was established by 
agarose gel electrophoresis of the fractions ob- 
tained from the first column . The elution pattern of 
alkaline phosphatase was established by detecting 
Jts activity in the following way. To 20 microlitres of 
each fraction eluted from the second, column 10 
microlitres- of a s'-end labelled synthetic 30 mer 
(2.5 X 10- cpm) and t70 microlitres of alkaline 
• phosphatase reaction buffer. (50 mmofe I Tris-HCl. 
0.1 mmole EDTA, pH 8.0) were added. The, sam- 
ples were incubated at 50°C for 60 min. after which 
-they were subjected to polyacrylamide gel elec- 
:trophoresis under denaturing .conditions. The gel 
- was autoradiographed and the alkaline phosphatase 
.activity was detected by the lack of the 
oligonucleotide band in the corresponding fractions 
as a result of dephosphorylation. The results are 
depicted in the accompanying Figure. In relation to 
the Figure. Ci is a control to which alkaline 
phosphatase, labelled synthetic oligonucleotide and 
alkaline phosphatase reaction buffer were added 
whereas C2 is a control which contained only label- 
led oligonucleotide; and alkaline phosphatase reac- 
tion buffer. From the autoradiogram it is clearly 
evident that when alkaline phosphatase is present 
{Ci, 8, 9) the ammonium acetate oligonucleotide 
band is absent due to dephosphorylation and in- 
creased mobility of the released- labelled phos- 
phate. Nucleic acids were eiuted mainly in. fa, while 
alkaline phosphatase was retained on the column, 
being eluted by increasing the pH and salt con- 
centration of the elution solvent (fa -9). The recov- 
ery of the lamda Hind III fragments was quantita- 
tive. 



EXAMPLE 2 



The procedure of Example 1 was generally 
followed using S Sepharose Fast Flow (Pharmacia. 
Sweden) strong cation exchanger. The column was 
successively washed with 10 bed volumes of 0.2 
mole/1 HCI. distilled water, 0.2 mole/1 ammonium 
acetate, pH 4.8 (hereinafter AA, pH 4.8) and 10 
mmole/ 1 AA, pH 4.8. Large batches of cation ex- 
changer can be stored in the latter solvent in 20% 
ethanol at 4°C. The elution system was that used in 
Example 1; the stronger nature of the Sepharose 
exchanger allowed the use of lower starting pH 
(4.8). Nucleic acids representative of the entire size 



and configuration (i.e. linear, supercoiled, relaxed 
circular) spectrum were chromatographed through 
the cation exchanger and an excellent recovery 
was obtained in each case. Furthermore, the nu- 

5 oleic acids could be promptly digested, ligated and 
cloned. A number of proteins, namely albumin and 
globulin, restriction enzymes, for example. Hind 111 
and other enzymes used in molecular biology, 
namely pronase. were also chromatographed and 

JO none of them was eluted with AA, pH 4.8: they all 
required higher pH and salt concentration for their 
elution. Therefore, a clear separation of nucleic 
acids and proteins was observed. 

For DNA binding enzymes, including restriction 

75 enzymes, (but not including alkaline phosphate) 
treatment with a detergent such as sodium dodecyl 
sulphate was necessary to dissociate- the protein 
from the ONA. In an alternative use of the invention 
the cation exchanger could be used to distinguish 

20 between DNA binding proteins, (many of which are 
of biological importance and' those that are not 
tightly associated with DNA). 

It will be appreciated that proteolytic enzymes 
other than Proteinase K and detergents other than 

25 SDS can be incorporated into the procedure with- 
out altenng the generality of the method. The use 
of other detergents might be particularly beneficial 
as they would allow omission of an ethanol precipi- 
tation step. 

30 As indicated above, the DNA recovered in Ex- 

amples 1 and 2 can be readily digested by restric- 
tion enzymes or ligated. There does not appear to 
be a size effect limitation; both synthetic 
oligonucleotides of 30 bases and genomic ONA 

as were recovered in good yield: 

As indicated. Examples 1 and 2 show that for 
all of the proteins tested, under appropriate con- 
ditions of pH, DNA does not bind to the cation 
exchanger whereas proteins do. When the DNA 

40 and proteins were present in a sample placed on a 
column or treated in a batch manner similar results 
were obtained in many cases. When restriction 
enzymes (e.g. Hind III) are used, prior addition of 
SDS was needed to dissociate the DNA from the 

45 DNA binding protein as indicated above. Based on 
these observations, it was postulated that DNA of 
biological origin (rather than the prepurified DNA 
used in Examples 1 and 2) could also be purified 
by the method according to the invention which 

50 could include a cation exchanger. 

EXAMPLE 3 . 

55 

The method according to the invention has 
been applied to the preparation of genomic DNA 
from crude biological samples including microor- 



4 



7 



EP 0 366 438 A1 



8 



ganisms and eucaryote or eucaryotic tissues. A 
food sample such as yoghurt, chicken samples etc. 
or biological sample such as blood, semen etc. 
may be used. In one example of this. 1 .5 ml of an 
overnight culture of E. coli was centrifuged In a 5 
bench top Eppendorf type microfuge at approxi- 
mately lOOOOg for 1 minute. The supernatant was 
discarded and the pellet resuspended in 500 
microlitres Tris-HCI. 10 mM pH 8.0. NaCI 40mM. 
-EDTA, 2ml^. Proteinase K and SDS were added to to 
final concentrations of 200 microgram&ml and 
0.5% respectively. The pH was subsequently re- 
duced to approximately pH 4.8 by the addition of 1 
mol.1 ammonium acetate (A.A.) pH 4.8 solution to a 
final concentration of 25* mmoM. Following pH ad- is 
justment. 500 microlitres of a IzT slurry of the 
ammonium form of the' cation exchanger- S- 
Sephadex fast^ flow (Pharmacia) in 10 mmol/l of 
^A.A. pH 4.8 were added. The sample was agitated 
^gehtly for periods up to 30 minutes. The tube was 20 
then placed in a rack to allow the cation beads to 
settle. The supernatant was removed and trans- 
ferred to a new tube and DNA recovered and 
concentrated by ethanol precipitation. The yield of 
-DNA was comparable with results obtained by con- 25 
ventional techniques. 

The method was highly repeatable with consis- 
tent yields of DNA which was readily- digested by 
restriction enzymes. DNA prepared in this way has 
also been used successfully as a target for DNA 30 
.probes. 

To indicate the generality of the method, simi- 
lar experiments were performed on a tissue of 
'biological origin which would be difficult to process 
using phenol extraction based-methods. 35 

5 EXAMPLE 4 



Rsh fins, on which DNA probe analysis was 
'required, were added to appropriate solutions of 
^Proteinase K and SDS so as^ to immediately dis- 
solve the tissue. The proteins and protein frag- 
ments were released- together with the DNA and 45 
RNA. The pH of the solution was changed to below 
the isoelectric point (about pH 4.8). The cation 
exchange resin was added as previously described 
and a sample collected from the eluate for subse- 
quent probe analysis. so 

The conditions used In the above Examples 
have been found to be quite effective. However, 
conditions can be further tailored to meet specific 
deproteinization needs. Also it will be appreciated a 
variety of cation exchangers- can be used in addi- 65 
tion to the two types of cation exchangers used in 
the Examples. Therefore, in accordance with the 
invention ready-to-use packed cation exchange col- 



umn prepared in the manner described above of- 
fers a very efficient alternative for the separation of 
DNA from proteins to laboratories involved in mo- 
lecular biology. The method in accordance with the 
invention avoids distillation and equilibration of tox- 
ic phenol, it is clean, rapid and quantitative, it does- 
not affect the DNA and it does not impose any 
considerable dilution factor. These advantages will 
be readily appreciated by those skilled in the art. 

A useful extension of- the method according to 
the invention is in the preparation of DNA samples 
for DNA probe analysis. 

The method according to the invention has 
commercial uses which include, but are not limited 
to the following:- 

1 . The preparation of DNA from microorgan- 
isms for identification using DNA probes. 

2. The preparation of DNA from human sam- 
ples for genetic analysis using DNA probes. 

3. The treatment of. therapeutic proteins (e.g. 
interferon, interleukin); expressed in animal cells to 
remove any contaminating DNA (provided the pro- 
tein was stable under the pH conditions chosen); 

4. in molecular biology research laboratories, 
where DNA has frequently to be separated from 
modifying enzymes at the end of a manipulation. 

5. In plasmid preparation steps for molecular 
biology research laboratories; 

The formats^ that can be used depend on the 
use envisaged but include: 

(a) A prepacked cation exchange cartridge 
which may be fitted to a syringe which contained: 
the sample at the correct pH. In this case only the 
DNA would be recovered (uses 1. 2, 4 and 5 
above). 

(b) A prepacked column for larger scale pro- 
cesses (uses 1 , 2, 4 and 5 above). By a change of 
the buffer conditions the proteins required could be 
recovered from the exchanger (use 3 above). 

(c) A cation exchange membrane. This could- 
be used in situations similar to those described for 
(a) and (b) above. 

(d) Batch-wise treatment of samples with a 
cation exchanger. 

Claims 

1 . A method for the separation of nucleic acid 
from protein, which method comprises contacting a 
solution containing a mixture of nucleic acid and 
protein with a cation exchanger at a pH below the 
isoelectric point of the protein and recovering said 
nucleic acid. 

2. A method according to Claim 1, wherein the 
solution of nucleic acid and protein is applied to a 
column of a suitable cation exchanger and the 
nucleic acid is eluted from the column. 
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3. A method according to Claim t, which is 
carried out using a cartndge. batch or membrane 
system. 

4. A method according to any preceding claim, 
wherein the mixture of nucleic acid and protein is 5 
incubated with a proteinase prior to application of 

the mixture to the cation exchanger. 

5. A method according to Claim 4 wherein the 
mixture is also incubated with sodium dodecyl sul- 
phate. '0 

6- A method according to any preceding claim, 
wherein the mixture of nucleic acid^ and protein is 
contacted with the cation exchanger in a low molar- 
ity buffer. 

7. A method according to Claim 6. wherein the is 
buffer has a pH tn the range 3.5-6.5. 

8. A method according to any preceding claim, 
which IS carried out automaticaily. 

9. A method according to Claim 1 far the 
preparation of DNA for use as a target for ONA so 
probe analysis. 

10. Use of a cation exchanger in a method for 
the separation of nucleic acid from protein. 

11. Use of a cation exchanger in a method 
according to any one of Claims t-8. 25 
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